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We calculate the s-wave strong interaction An phase shift at the 3 mass taking into 
^ \ account contributions from the \ and | £ resonances. We find the S-wave phase 

! shift to be small, of the order of 0.3 degrees and bounded by 0.5 degrees. 

a: 

Recently there has been a calculation of Ait strong interaction phase shift using baryon 
chiral perturbation theory where it was found that in the leading order the s-wave phase 
\ shifts, taking into account the l/2 + ,3/2 + £ states, vanish [I]. Calculations of A7r phase 
5^ ! shifts are relevant to the measurement of CP violation in the hyperon decay H — > An ||. An 
experiment to measure the combined asymmetry Aa = Aa\ + Aa= will be carried out in 
the near future at Fermilab ||. Here for example; Aa= = a- + a- and Aa= is proportional 
to tan(<5 s — 5p). In this short note we calculate the S-wave phase shifts by considering the 
1/2~£(1750) and the 3/2~£(1670) resonances @]. In this case the S-wave phase shifts do 
not vanish in the leading order in baryon chiral perturbation theory. 

As in Ref. 1, we use a SU(2)lxSU(2)r invariant chiral Lagrangian to describe the 
interaction of baryons with pions. We write the interaction Lagrangian as || [| . 



J int 



<fe A A 1 A b a S cb e ac + g^ A A 7s A\ E* c e ac + h.c. (1) 
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where, 



y- 



(2) 



is the \ isotriplet and £*^ is the | isotriplet with the same matrix structure as £. 



where £ = exp 



iM 



and the meson matrix is 



(3) 



M 



7T~ 



7T 



V2 



(4) 



with / ~ 132 MeV being the pion decay constant 

In the heavy baryon limit of the chiral Lagrangian the contribution from the 3/2~£ 
resonance vanishes. The leading order contributions to the phase shifts in the heavy baryon 
expansion is suppressed by ^~™ A ~ .2 and its higher powers. Hence the only contribution 
to the S-wave phase shift comes from l/2~£ state. Using the heavy baryon limit to (1) 
we replace 7 M — > i> M ; the baryon velocity, which is conserved and the baryon propagator 
7 pJ-mB ~^ v~k wnere -Pb = m B v + k is the baryon momentum and is the baryon mass. 
In Fig.l we show the diagrams that contribute to the S-wave phase shift. 



We calculate the S-wave phase shift to be 

1 4^-^-%) 



(5) 



2tt P [£2-(m s -m A ) 2 ] 

we note that the phase shift calculation from the original Lagrangian in eqn.(l) would result 
is an expression for 5 S similar to that in eqn.(3) with corrections suppressed by To 
calculate we use the decay of £(1750) to An. However the branching fraction is unknown 
and the total width has a large uncertainty. 

Taking the branching fraction as a free parameter we solve for g^A from the equation. 

,2 r E 



xT 



9 



Airf 



r (m s - m A ) Pf 



(6) 



with E A = ms +" A - 
fraction. 
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m\ where V is the total width and x is the branching 



In Fig. 2 we show a plot of the S-wave phase shift in degrees for the pion-energy E n = 
200MeV, which is the energy of the pion in the decay S — > An, for different branching 
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fraction. The measured decay width and the branching fraction are 60MeV < T < lQOMeV 
and x < .75 We therefore plot three different curves with T = 60,90 and 160 MeV 
respectively. We find that for a maximum branching fraction of 75% the S-wave phase shift 
can be at most ~ .5 degrees. Hence in conclusion we have shown that the S-wave phase 
shifts from the S l/2~ and S 3/2 _ resonances for An scattering are small. We confirm 
the conclusion of Lu et al. (Ref. 1) that the results for the phase shifts make tan(5 s — 5 P ) 
for H — > Air very small. If these results for phase shifts are valid then A«a will dominate 
the measurement of Aa in the forthcoming experiment. With these values for the phase 
shifts Aa~ is about 10 times smaller than previous estimates (Ref. 2) which relied on earlier 
calculations of phase shifts J7|. ||. 

The A-7T phase shifts near the H mass can be measured by analysing the final states in 
the decay mode H — > Aneu as shown by Pais and Treiman long ago ||. This mode has an 
expected branching ratio of order 10~ 7 and in an expected sample of 10 9 H's there may be 
about 100 or so H — > Aneu events in the data sample and it may be possible to attempt such 
an analysis. 
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0.1 Figure Captions 

• Fig .1: Feynman diagrams that contribute to the S-wave phase shift. 

• Fig .2: Plot of the phase shift versus the branching fraction for three different values 
of the total decay width of S(1750) at a pion energy of E n = .2GeV. 
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This figure "figl-l.png" is available in "png" format from: 



http://arXiv.org/ps/hep-ph/9409384vl 



This figure "figl-2.png" is available in "png" format from: 



http://arXiv.org/ps/hep-ph/9409384vl 



